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1
FLYING AND ROAD VEHICLE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation-in-part of applica-
tion Ser. No. 08/008,662, filed Jan. 25, 1993, FLYING
AND ROAD VEHICLE.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates in general to vehicles capable
of flight, as well as driving on roadways.

2. Description of the Prior Art

There has been a long need for a vehicle that could be
flown, as well as driven on roadways like a conven-
tional motor vehicle. One problem in achieving such a
result is in how to accommodate the wing span. Typical
wing span of an airplane is far too wide for legal use on
highways. Normally, 83 feet is the maximum width for
highway use, with 10 feet being allowed under some
exceptions. The wing span of a typical 2 or 4 passenger
aircraft would be far in excess of that amount.

One proposal in the past was to detach the wings
from the fuselage upon landing. The fuselage then
would be driven as a land vehicle. Other proposals in
the patented art include having sections along the wing
which will extend for flight. For various reasons, there
are no currently marketed vehicles which will accom-
plish both flight, as well as being normally driven on a
roadway.

SUMMARY OF THE INVENTION

In this invention, the vehicle has wings which extend
out from each side of the fuselage. The wings have a
fixed span, which is the distance from one side edge to
the other. The wings have also a fixed chord, which is
the distance from the leading edge to the trailing edge.
The aspect ratio of the span over the chord 1s low,
preferably less than one. The low aspect ratio allows the
vehicle to be used as a road vehicle.

For stability and performance, an upper winglet ex-
tends upward from each side edge. Flight control sur-
faces are mounted on the trailing edges of the wings.
The landing gear and/or wheels are driven by indepen-
dent hydraulic motors.

In a preferred embodiment, a lower winglet extends
downward from each outer edge of the wing. At least
one of the wheels or landing gear mechanisms locates at
the lower end of each lower winglet. In one embodi-
ment, an aerilon locates at the trailing edge of each
lower winglet.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side view of a vehicle constructed in ac-
cordance with this invention.

FIG. 2 15 a top view of the vehicle of FIG. 1.

FIG. 3 1s a front view of the vehicle of FI1G. 1.

FIG. 4 1s a back view of the vehicle of FIG. 1.

FIG. S 1s a schematic view illustrating the hydraulic
‘drive system of the vehicle of FIG. 1.

FIG. 6 is a schematic view illustrating a propeller
clutch mechanism for the vehicle of FIG. 1.

FIG. 7 1s a graph of a wind tunnel test of the vehicle
of FIG. 1, and comparing it to two other configurations
of vehicles, the graph being a plot of lift over drag
versus lift coefficient.
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FI1G. 8 1s a graph of a wind tunnel test of the vehicle
of FIG. 1, and comparing it to two other vehicles of
different configurations, the graph being a chart of
pitching moment coefficient over lift coefficient.

FIG. 9 is a side view of a portion of an alternate
embodiment of the vehicle of FIG. 1.

DETAILED DESCRIPTION OF THE
INVENTION

Referring to FIG. 1, vehicle 11 has a fuselage 13.
Fuselage 13 has a general shape of a fixed-wing aircraft.
It has a cabin 14 for at least two persons and containing
the control system for driving and flying vehicle 11.

Fuselage 13 has a nose 15 and, on the opposite end, a
tail 17. In the preferred embodiment, tail 17 extends
upward from fuselage 13 and comprises a vertical airfoil
surface. Also, in the embodiment shown, a rudder 19
locates conventionally on the trailing edge of tail 17.

Referring also to FIG. 2, vehicle 11 has a wing 21
which extends outward from each side of fuselage 13.
Wing 21 has a leading edge 23 located generally at the
forward end of cabin 14. Wing 21 extends continuously
and smoothly back to a trailing edge 25. Preferably
elevons 27 locate at the trailing edge 25. Elevons 27 can
be moved upward and downward in unison to serve as
elevators. Also, they can be moved independently, as
illustrated by the dotted lines in FIG. 4 to serve as
aerilons for controlling roll. Wing 21 has two side edges
29 that are parallel to each other and parallel to the
longitudinal axis of fuselage 13.

Wing 21 has a low aspect ratio. That 1s, 1ts span over
its chord is very low. The span is the distance from
outer edge 29 to the opposite outer edge 29. The chord
is the distance from leading edge 23 to trailing edge 25.
The aspect ratio is in the range from 0.5 to 1.0, and
preferably about 0.75. The width of fuselage 13 at its
widest point is typically less than 4 the span of wing 21.
Preferably, for a two passenger vehicle 11, the span
does not exceed the 83 feet legal limit for highway
driving. For a four passenger vehicle 11, the span pref-
erably does not exceed 10 feet. The thickness of wing 21
is fairly thin, preferably having a ratio of the thickness
over the chord m the range from 6 to 12 percent, and
preferably 9 percent.

Referring again to FIG. 1, an upper winglet 31 ex-
tends upward from each side edge 29. Upper winglet 31
resembles an airplane tail section in configuration. It 1s
an airfoil surface, parallel to tail 17 and generally per-
pendicular to wing 21. Upper winglets 31 have no mov-
able flight control surfaces. Upper winglet 31 has a
leading edge 33 that is preferably inclined and a trailing
edge 35 that is also inclined, but at a lesser degree of
inclination. Upper winglet 31 and leading edge 33 can
alternately be swept forward to any shape for styling.
Leading edge and trailing edge 35 converge toward
each other, resulting in an upper edge 32 on upper
winglet 31 that is smaller in chord dimension than the
base of upper winglet 31 where 1t joins wing 21. Lead-
ing edge 33 1s located a considerable distance rearward
of wing leading edge 23. Upper winglet trailing edge 35
locates at or forward of wing trailing edge 25. Prefera-
bly, upper winglet trailing edge 35 locates at wing trail-
ing edge 25, but trailing edge 35 could be located for-
ward of trailing edge 25.

The height or vertical extent of upper winglet 31
from the upper surface of wing 21 to upper edge 32 is
about 0.3 to 0.65 times the span of wing 21. If below the
range, the upper winglet 31 i1s not sufficient to enhance
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lift efficiency significantly. If above the range, the
upper winglet 31 would provide too much roll stability,
leading to roll oscillations. Also, the upper winglet 31
would possibly be too tall to allow the vehicle to be
parked 1n a conventional automobile garage if above the
range.

The chord of upper winglet 31 from leading edge 33
to trailing edge 35 varies, decreasing from the junction
with wing 21 to upper edge 32. The chord at the median
or halfway point between the base and upper edge 32 is
1n the range of 0.2 to 0.6 times the chord of wing 21, and
preferably 0.25 times the chord of wing 21. If the chord
1s below the range, the upper winglet 31 would not be
large enough to avoid stalling. Too much airflow from
the lower side of wing 21 to the upper side would occur.
If the chord is above the range, too much friction drag
is created relative to the advantages of the upper wing-
let 31 1 reducting induced drag due to lift.

In the preferred embodiment, a lower winglet 37
extends downward from each side edge 29, as shown in
FIG. 1. Each lower winglet 37 is an airfoil or stream-
lined shaped surface, extending vertically downward,
generally perpendicular to wing 21. Also, each lower
winglet 37 1s generally in the same plane as an upper
winglet 31. In the embodiment of FIGS. 1-8, lower
winglet 37 has a leading edge 39 that coincides with
wing leading edge 23. The trailing edge 41 coincides
with wing trailing edge 25. Consequently, in this em-
bodiment, the chord of lower winglet 37 is the same as
the chord of wing 21.

The chord of lower winglet 37 may be less, terminat-
ing forward of wing trailing edge 25, as illustrated in the
embodiment of FIG. 9. The chord of lower winglet 37
1s 1n the range from 0.4 to 1.0 times the chord of wing
21. It 1s also preferred to have the trailing edge 41 of
lower winglet 37 at least as far aft from wing leading
edge 23 as the distance from upper winglet leading edge
33 to wing leading edge 23. In other words, the distance
from the base of upper winglet leading edge 33 to wing
leading edge 23 should be no greater than the distance
from lower winglet trailing edge 41 to wing leading
edge 23.

The lower edge of lower winglet 37 is a gradual
curve, with the vertical height of vertical winglet 37
decreasing toward the trailing edge 41. The maximum
height or vertical extent of lower winglet 37 is in the
range of 0.25 to 0.35 times the span of wing 21. Lower
winglet 37 thus has a maximum vertical height that is
less than the height of upper winglet 31.

Referring to FIG. 1, as well as FIG. 3, a landing gear
wheel 43 locates at the lower edge or end of each lower
winglet 37. Wheel 43 may be fixed so as to protrude
slightly below the lower edge of lower winglet 37 as
shown. Alternately, it may be a retractable type that
will retract fully into lower winglet 37. As shown in
FIGS. 3 and 4, lower winglet 37 has sufficient lateral
thickness to accommodate a wheel, thus serving also as
a fairing.

A steerable nose landing gear wheel 45 locates at the
forward portion of fuselage 13. Nose wheel 45 prefera-
bly retracts, as indicated by the dotted lines of FIG. 1.
The vehicle 11, while flying, is driven by a propeller 47.
Propeller 47 is powered by an engine 49, illustrated in
FIGS. 3 and 6. Engine 49 may be of a variety of types,
such as water cooled, air cooled, four stroke, two
stroke, rotary or gas turbine. Additionally, two engines
could be utilized, rather than one as shown.

10

15

20

25

30

35

45

50

335

60

65

4

Propeller 47 is mounted to a shaft 51 that is generally
parallel to the longitudinal axis of vehicle 11. Shaft 51
may be selectively rotated with engine 49 or locked in
position. The means for handling this includes a clutch
53, which is illustrated schematically in FIG. 6 as part
of a planetary reduction gearbox. The gearbox has a
pinion gear carrier 52 which has pinion gears that en-
gage a gear on the engine shaft 56. A ring gear 54 en-
gages the pinion gears and locates between clutch shoes
or plates 35. The propeller shaft 51 is secured to the
pinion gear carrier 52 for rotation therewith. When
clutch plates 55 are gripping ring gear 54, pinion gear
carrier 52 will be driven by engine shaft 56, driving
propeller 47. When shoes 55 release ring gear 54, the
engine shaft 56 will spin the pinion gears on the pinion
gear carrier 52, causing the ring gear 54 to spin, thereby
preventing any torque from being applied to carrier 52.
Propeller 47 will not be driven by engine 49 when shoes
53 release ring gear 54. A brake 57 will selectively lock
the shaft 51 to prevent propeller 47 from spinning while
the vehicle 1s being driven on the ground. The use of a
planetary reduction is illustrative; other means for
clutching and locking could be used, as well.

Referring to FIG. 5, the means for causing the wheels
43 and 43 to rotate independently of propeller 47 com-
prises a hydraulic pump 58. Hydraulic pump 58 is
driven by engine 49. A control rod 59, either automatic
or manual, serves as a displacement control for hydrau-
lic pump 58. Hydraulic pump 58 connects by a line 61 to
a reservoir 63 for receiving fluid. Pump 58 pumps fluid
out line 65 to an accumulator 67. The fluid flows out a
line 69 to a reversing valve 71. Reversing valve 71
connects to a hydraulic motor 73 on each of the wheels
43 through line 74. Fluid returns through line 75. Re-
versing valve 71 can be reversed to operate motors 73 in
reverse, transmitting fluid through line 75 to motors 73
in the reverse direction, rather than line 74. This allows
the vehicle 11 to drive backwards.

The return flows through an oil cooler 77 back to
reservolr 63. Lines 79 and 81 connect the hydraulic
drive system to hydraulic powered accessories. As an
alternate, nose wheel 45 could have a hydraulic motor
(not shown) for driving in place of wheels 43.

Reterring to FIGS. 7 and 8, wind tunnel tests were
conducted of a model constructed as shown in FIG. 1,
with the exception of tail 17. In the model, no vertical
tall was needed. Tail 17 and rudder 19 serve only for
steering while taxiing. FIG. 7 shows a typical wind
tunnel test of L/D, which is the lift divided by the drag,
plotted against the lift coefficient. The L/D graph is a
performance parameter indicating how efficient an air-
craft is for a given range. The range of the aircraft is
proportional to L/D. For example, if one doubles the
L/D, the range (distance travelled) is doubled. The lift
coefficient 1s a nondimensional value relating to the
amount of lift. The lift coefficient increases with in-
creasing angle of attack. The angle of attack is the incli-
nation of the aircraft relative to forward movement.
The test 1s performed by gradually raising the nose of
the aircraft upward, increasing the angle of attack while
measuring the lift coefficient and L/D.

At a very low angle of attack, there will be a very
low lift coefficient. At low lift coefficients, the induced
drag due to lift is low, and the drag due to skin friction
1s greater. At high angles of attack, the reverse occurs.
Each of the curves 83, 85 and 87 has a peak. At the peak,
the drag due to skin friction equals the drag due to lift.
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Curve 83 1s a graph that was run with the upper and
lower winglets 31, 37 removed. Curve 85 is a graph run
under the same circumstances, but with upper winglet
31 in place. Lower winglet 37 1s not utilized in connec-
tion with curve 83. Curve 87 shows both upper wingiet
31 and lower winglet 37 in place. Note that both curves
85 and 87 exceed curve 83 significantly from a lift coef-
ficient around 0.2 up to about 0.8. The aircraft is at a
stall above 0.8. This difference adds greatly to the per-
formance of the airplane. For a given lift coefficient
within the range from 0.2 t0 0.8, the L/D is much better
for curves 85 and 87 than curve 83. The curves 85, 87
show that the addition of the winglets 31, 37 enhances
the flight characteristics. This occurs because the wing-
lets 31, 37 reduce the tendency for the posttive pressure
air under wing 21 from flowing around side edges 29 to
the upper surface of wing 21 where there is lower or
negative pressure air. This reduces the induced drag
due to lift and increases the 1./D. Curve 87 as opposed
to curve 85 shows that adding the lower winglet 37
adds to the performance, but not as much as the differ-
ence between curve 83 and curve 87.

FIG. 8 1s another wind tunnel test, this one showing
the pitching moment coefficient versus the lift coeffici-
ent. Again, a sweep of pitch angle was made during this
test, with the lift coefficient and pitching moment being
measured. The nose of the aircraft was gradually raised
to Increase the angle of attack as the graph was plotted.
Curve 89 shows vehicle 11 without either the upper
winglet 31 or the lower winglet 37. Curve 93 shows
vehicle 11 being tested with both the upper and lower
winglets 31, 37. Curve 91 shows vehicle 11 being tested,
but with only the upper winglet 31.

FI1G. 8 illustrates stability. Curve 89 shows both an
increase in slope and a decrease in slope with a peak.
The positive portion of the slope of curve 89 indicates
instability below a lift coefficient of 0.2. This occurs at
low angles of attack and higher speeds. Curve 89 indi-
cates that at high speeds, the plane 1s inherently unstable
with a tendency existing for the plane to nose over.

For stability, a negative slope 1s required through the
range of normal flight. Curve 91 shows that using only
an upper winglet 31, but not a lower winglet 37, pro-
vides a stable aircraft. Curve 93, which has both upper
winglets 31 and lower winglets 37, also shows a nega-
tive slope, and therefore indicates stability. The differ-
ence between curves 91 and 93 1s not significant. Con-
sidering the enhanced performance, of curve 87 (FIG.
7) over curve 85, the most desirable configuration uti-
lizes both upper and lower winglets 31, 37.

Referring now to FIG. 9, aircraft 11" has lower wing-
lets 37'. Each winglet 37" has on its trailing edge an
aerilon 95. Aerilon 93 is used for controlling roll. In this
instance, the control surfaces 27° would move in unison
and would serve only as elevators. Otherwise, vehicle
11’ operates in the same manner. The chord of lower
winglet 37’ is considerably shorter than the chord of
lower winglet 37 of FIG. 1.

In operation, vehicle 11 is fiown by take-off and land-
ing from normal runways. The propeller 47 would be
engaged by the clutch 53 to propel the vehicle 11 both
during take-off and while taxiing. The hydraulic motors
73 (FIG. 5) would not be utilized for take-off or taxung
normally.

For roadway driving, the operator releases clutch 33
and locks the propeller 47 with brake 57. The operator
will drive the vehicle using controls 359, 71 (FIG. 5).
Hydraulic motors 73 will drive the wheels 43.
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The mmvention has significant advantages. The vehicle
will exhibit stable flight characteristics. It does not re-
quire extensible sections on the wings, which can be
complex, expensive, and add weight. It has a very low
aspect ratio, allowing it to be driven on roadways. The
independently driven wheels, operated by a hydraulic
pump, provide an efficient means to use the vehicle as a
road vehicle. The lower winglets serve not only for
increasing performance, but also to provide support for
landing gear or wheels.

While the invention has been shown 1n only two of 1is
forms, it should be apparent to those skilled in the art
that it i1s not so limited, but i1s susceptible to various
changes without departing from the scope of the inven-
tion. For example, the use of a planetary reduction
clutch mechanism for the propeller 1s illustrative, and
other means for clutching and locking the propeller
could be used as well.

I claim:

1. A vehicle capable of flying as well as roadway
driving, comprising in combination:

a fuselage having a cabin for housing an operator;

a fixed wing extending outward from each side of the
fuselage, the wing having a fixed span from one
side edge to the other side edge, the wing having a
leading edge and a trailing edge with a chord from
the leading edge to the trailing edge being at least
equal to the span, the chord of the wing being
substantially constant from the fuselage to each of
the side edges;

a fixed upper winglet extending upward from each
side edge of the wing, each of the upper winglets
having a height extending from a junction with the
wing to an upper edge of each of the upper wing-
lets that 1s in the range of 0.3 to 0.65 times the span
of the wing, each of the upper winglets having a
chord from a leading edge to a trailing edge that is
in the range from 0.2 to 0.6 times the chord of the
wing measured halfway between the junction with
the wing and the upper edge of each of the upper
winglets;

wherein there 1s only a single one of the fixed wing in
engagement with the upper winglet on each side of
the fuselage;

movable flight control surface means mounted at the
trailing edge of the wing for controlling flight of
the vehicle;

an engine having a propeller drive shaft extending
substantially parallel with the longitudinal axis of
the vehicle;

a propeller mounted to the drive shaft of the engine
and mounted forward of the wing for moving air
over the wing;

clutch means mounted to the drive shaft for coupling
the propeller to the engine for rotating the propel-
ler and for selectively disengaging the propeller
from rotation; and

a set of wheels mounted to the vehicle and powered
by the engine for selectively driving the wheels for
roadway use. |

2. The vehicle according to claim 1, further compris-
ing:

a fixed lower winglet extending downward from each

side edge of the wing.

3. The vehicle according to claim 1 wherein:

each of the upper winglets has a leading edge having
an upper winglet leading junction with the wing,
the upper winglet leading junction being located
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rearward of the leading edge of the wing; and
wherein the vehicle further comprises:

a fixed lower winglet extending downward from each
side edge of the wing, each of the lower winglets
having a trailing edge having a lower winglet trail-
1ng junction with the wing, each of the lower wing-
let trailing junctions being located rearward from
the leading edge of the wing by an amount at least
equal to the amount that the leading edge of each
of the upper winglets extends rearward from the
leading edge of the wing.

4. The vehicle according to claim 1, further compris-

ing:

a fixed lower winglet extending downward from each
side edge of the wing, each of the lower winglets
having a vertical height from the wing to a lower
end of each of the lower winglets that is in the
range from 0.25 to 0.35 times the span of the wing,
each of the lower winglets having a chord from a
leading edge to a trailing edge of each of the lower
winglets that 1s in the range from 0.4 to 1.00 times
the chord of the wing.

5. A vehicle capable of flying as well as roadway

driving, comprising in combination:

a fuselage having a cabin for housing an operator;

a fixed wing extending outward from each side of the
fuselage, the wing having a fixed span from one
side edge to the other side edge, the wing having a
leading edge and a trailing edge with a chord from
the leading edge to the trailing edge being at least
equal to the span, the chord of the wing being
substantially constant from the fuselage to each of
the side edges;

a fixed upper winglet extending upward from each
side edge of the wing, each ‘of the upper winglets
having a height extending from a junction with the
wing to an upper edge of each of the upper wing-
lets that 1s 1n the range of 0.3 to 0.65 times the span
of the wing, each of the upper winglets having a
chord from a leading edge to a trailing edge that is
in the range from 0.2 to 0.6 times the chord of the
wing measured halfway between the junction with
the wing and the upper edge of each of the upper
winglets, each of the upper winglets having a lead-
ing edge junction with the wing which is spaced
rearward from the leading edge of the wing;

a fixed lower winglet extending downward from each
side edge of the wing and having a trailing edge
junction with the wing that is farther from the
leading edge of the wing than the leading edge
junction of the upper winglet with the wing;

the upper and lower winglets reducing a tendency for
positive air pressure under the wing from flowing
around the side edges to an upper surface of the
wing;

wherein there 1s only a single one of the fixed wing in
engagement with the upper and lower winglets on
each side of the fuselage;

movable flight control surface means mounted at the
trailing edge of the wing for controlling flight of
the vehicle:

an engine having a propeller drive shaft extending
substantially parallel with the longitudinal axis of
the vehicle;

>

10

15

20

25

30

35

435

50

33

60

65

8

a propeller mounted to the drive shaft of the engine
and mounted forward of the wing for moving air
over the wing;

a clutch mounted to the drive shaft for coupling the
propeller to the engine for rotating the propeller
and for selectively disengaging the propeller from
rotation; and

a set of wheels mounted to the vehicle and powered
by the engine for selectively driving the wheels for
roadway use.

6. A vehicle capable of flying as well as roadway

driving, comprising in combination:

a fuselage having a cabin for housing an operator;

a fixed wing extending outward from each side of the
fuselage, the wing having a fixed span from one
side edge to the other side edge, the wing having a
leading edge and a-trailing edge with a chord from
the leading edge to the trailing edge being at least
equal to the span, the chord of the wing being
substantially constant from the fuselage to each of
the side edges;

a fixed upper winglet extending upward from each
side edge of the wing, each of the upper winglets
having a height extending from a junction with the
wing to an upper edge of each of the upper wing-
lets that is 1n the range of 0.3 to 0.65 times the span
of the wing, each of the upper winglets having a
chord from a leading edge to a trailing edge that is
in the range from 0.2 to 0.6 times the chord of the
wing measured halfway between the junction with
the wing and the upper edge of each of the upper
winglets, the leading edge of each of the upper
winglets being spaced rearward from the leading
edge of the wing by a significant distance;

a fixed lower winglet extending downward from each
side edge of the wing, each of the lower winglets
having a vertical height from the wing to a lower
end of each of the lower winglets that is in the
range from 0.25 to 0.35 times the span of the wing,
each of the lower winglets having a chord from a
leading edge to a trailing edge of each of the lower
winglets that is in the range from 0.4 to 1.00 times
the chord of the wing;

the upper and lower winglets reducing a tendency for
positive air pressure under the wing from flowing
around the side edges to an upper surface of the
wing;

wherein there is only a single one of the fixed wing in
engagement with the upper and lower winglets on
each side of the fuselage;

movable flight control surface means mounted at the
trailing edge of the wing for controlling flight of
the vehicle;

an engine having a propeller drive shaft extending
substantially parallel with the longitudinal axis of
the vehicle;

a propeller mounted to the drive shaft of the engine
and mounted forward of the wing for moving air
over the wing;

a clutch mounted to the drive shaft for coupling the
propeller to the engine for rotating the propeller
and for selectively disengaging the propeller from
rotation; and

a set of wheels mounted to the vehicle and powered
by the engine for selectively driving the wheels for

roadway use.
* * - * +
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